Abstract-Effects of a newly synthesized compound.
Carnosine, beta -alanyl-L-histidine, was discovered in 1900 by Gulewitsch and Amiradzibi (1) from meat extract. The dipeptide was reportedly related to the repair mechanisms of vital tissue (2-4). Horisaka et al. (5) and Nagai and Yamane (6) found that carnosine promoted a marked increase in granulation tissue in rats treated with formalin filter paper pellet and agar implan tation.
Vizioli and Almeida (7) found that carnosine markedly induced sponge-induced granulation tissue in rats.
Yamakawa (8) reported that carnosine markedly inhibited the development of cortisone-induced gastric ulcers and accelerated the healing of both clamping-cortisone ulcers and acetic acid induced ulcers in the rat stomach. The incorporation of aluminum salts in some substances is empirically known to strengthen the potency of substances as an antiulcer agent, as shown in cases of aluminum sucrose sulfate (9) and N-acetyl-L-glutamine aluminum complex (10).
We studied the effects of a newly synthesized compound, N-acetyl-L-carnosine aluminum (CL-1700, Fig. 1 ), on experi mentally-induced gastric lesions and alumi num sucrose sulfate, gefarnate and cimetidine were used as reference drugs. Our findings are reported herein.
MATERIALS AND METHODS
Male Donryu strain rats, weighing 200 250 g, were used. Lesion induction Shay ulcers: Rats were deprived of food but allowed free access to water for 48 hr prior to experiments. Under ether anesthesia. the abdomen was incised and the pylorus ligated (11). CL-1700 (Nippon Chemiphar), aluminum sucrose sulfate (Ulcerlmin, Chugai) dissolved in distilled water, gefarnate (Teikoku Kagaku) and cimetidine (SKF) suspended in 1 % carboxymethylcelIulose (CMC) solution were given either p.o. (by gastric intubation), i.d. (intraduodenally) or i.p. (intraperitoneally) to the rats, immediately after pylorus ligation, in a volume of 0.5 ml/100 g of body weight.
The pH values of CL-1700 and aluminum sucrose sulfate were 6.09 and 4.23 at 20% solution, respectively. Either distilled water or 1 % CMC solution alone was given to the rats in the control group. The animals were killed 15 hr later by an overdose of ether. The stomach of each rat was removed, incised along the greater curvature and examined for ulcers in the forestomach.
Stress-induced gastric erosions: Rats not fasted prior to experiments were placed in a stress cage and immersed to the level of the xiphoid process in a water bath (23'C) for 7 hr (12). The animals were then im mediately killed by a blow on the head. The stomach of each rat was removed, inflated by injecting 13 ml of 2% formalin solution, and immersed in 2% formalin solution for 10 min to fix the inner and outer layers of the gastric walls. This formalin treatment was performed in the following all experi ments. The stomach was then incised along the greater curvature and examined for erosions developed in the glandular portion. Each drug was given either p.o. or i.p. to the rats 10 min before the water immersion.
Stress-induced gastric erosions in pylorus ligated rats: Rats were deprived of food but allowed free access to water for 24 hr and the pylorus was ligated under ether anesthesia.
The incised abdomen was closed and covered with collodion to prevent any leakage of water at the time of water immersion. Fifteen min after pylorus ligation, the animals were immersed into the water bath (23°C) for 20 hr (13). After such stressing, the animals were killed and the stomach of each was removed, then examined for erosions developed in the glandular portion. Each drug was given to the rats either p.o. or i.d. immediately after pylorus ligation.
Aspirin-induced gastric erosions in pylorus ligated rats: Rats were deprived of food but allowed free access to water for 24 hr after which the pylorus was ligated. Aspirin (100 mg/kg, Maruishi) suspended in 1 % CMC solution was given p.o. to the rats 5 min after pylorus ligation in a volume of 0.5 ml/ 100 g of body weight (14). The animals were killed 7 hr after aspirin dosing. The stomach of each was removed and examined for erosions in the glandular portion. Each drug was given p.o. or i.p. to the rats immediately after pylorus ligation.
Indomethacin-induced gastric erosions: Rats were deprived of food but allowed free access to water for 24 hr and then indomethacin (25 mg/kg, Sigma) suspended in 1 % CMC solution was given s.c. (15). The animals were killed 7 hr later and the stomach of each was removed and examined for erosions in the glandular portion. Each drug was given p.o. or i.p. to the rats 10 min before the indomethacin treatment.
Phenylbutazone-induced gastric erosions: Rats were deprived of food but allowed free access to water for 24 hr and then phenyl butazone (200 mg/kg, Sigma) suspended in 1% CIVIC solution was given s.c. The animals were killed 24 hr later, and the stomach of each was removed and examined for erosions in the glandular portion. Each drug was given p.o. twice, i.e., 10 min before and 9 hr after the phenylbutazone treatment. Ulcer or erosion index: Each area (mm2) of damaged mucosa in Shay ulcers was measured under the dissecting microscope (10X) with a square grid, summed and arbitrarily divided into 5 degrees as an ulcer index as follows.
Ulcerated area (mm2) 1-6, 7-12, 13-18, 19-24, >24 or perforation Ulcer index 1 2 3 4 5
Each length (mm) of erosions induced by water-immersion stress, aspirin, indomethacin or phenylbutazone was measured under the dissecting microscope, summed and used as an erosion index.
The person measuring the ulcers or erosions did not know which animals had been treated. Gastric secretory studies Rats were deprived of food but allowed free access to water for 18 hr. Under ether anesthesia the abdomen of each rat was incised and the pylorus ligated.
The animals were killed 7 hr after the pylorus ligation and the gastric contents collected and analyzed for volume, acidity, pepsin activity. The acidity was determined by automatic titration of the gastric juice against 0.1 N NaOH to pH 7.0 (Autoburette, Radiometer). In cases of CL-1700 and aluminum sucrose sulfate given p.o., the pH values of gastric juice samples were determined but the acidity was not titrated with NaOH in order to avoid the possible titration of these agents themselves. 
RESULTS
Effects of drugs on Shay ulcers: The ligation of the pylorus produced severe and perforating ulcers in the forestomach of fasted rats. As shown in Table 1 , CL-1700 dose dependently inhibited the Shay ulcers; the inhibition being 96.7% at 600 mg/kg (p.o.). Aluminum sucrose sulfate also dose dependently inhibited the ulcers; the develop ment of ulcers being completely inhibited by the drug at 300 mg/kg (p.o.). Gefarnate at 300 mg/kg (i.d.) inhibited the formation of ulcers at rates of 50%. However, in a dose of 600 mg/kg only 20% inhibition occurred. Cimetidine had no effect on the formation of Shay ulcers at the doses of 30, 100 or 200 mg/kg (i.d.).
Effects of drugs on stress-induced gastric erosions: Water-immersion stress for 7 hr produced several dotted or elongated superficial erosions in the glandular portion of the rat stomach.
CL-1700 slightly inhibited the stress-induced gastric erosions; the inhibition being 32% at 1,000 mg/kg (p.o.) (Table 2 ). Aluminum sucrose sulfate at 300 and 1,000 mg/kg (p.o.) significantly inhibited the gastric erosions; the inhibition being 41% at 300 mg/kg and 61.5% at 1,000 mg/kg. Gefarnate at 100 and 300 mg/ kg (p.o.) had an insignificant effect on the development of gastric erosions. Cimetidine at 100 mg/kg (p.o.) significantly inhibited the stress-induced gastric erosions; the inhibition being 62.3%. In contrast, gefarnate at 100 or 300 mg/kg (i.d.) had no effect on the erosion formation. (Table 4 ). The inhibition of erosion formation was nearly complete, i.e., 99.6% at 1,000 mg/kg (p.o.).
Aluminum sucrose sulfate and cimetidine also dose-dependently inhibited the aspirin-induced erosions; the inhibition being more than 90% at the dose of 1,000 mg/kg (p.o.) of the former agent and 100 mg/kg (i.d.) of the latter one. Gefarnate at 300 mg/kg (i.d.) significantly inhibited the development of gastric erosions; the inhibition being 58.3%. Effects of drugs on indomethacin-induced gastric erosions: Indomethacin produced many small erosions throughout the glandular portion of the rat stomach. CL-1700 dose dependently inhibited the formation of indo methacin-induced gastric erosions; the inhibition being significant at 100 mg/kg (49.6%), 300 mg/kg (76.2%) and 1,000 mg/ kg (94.8%) (p.o.) (Table 5) . Aluminum sucrose sulfate and cimetidine (p.o.) also showed a marked inhibition of the erosions. Gefarnate at 100 and 300 mg/kg (p.o.) slightly inhibited the formation of the erosions.
Effects of drugs on phenylbutazone induced gastric erosions: The administration of phenylbutazone produced several elongated erosions in the glandular portion of the rat stomach 24 hr later. CL-1700 given twice 9 hr apart significantly inhibited the development of erosions; the inhibition being 57% at 1,000 x 2 mg/kg (p.o.) (Table 6) . Aluminum sucrose sulfate also showed a significant inhibition (71.5%) of the erosion formation at 1,000x2 mg/kg (p.o.). Gefarnate and cimetidine (p.o.) had no effect on the erosion formation at the dose level used.
Effects of CL-1700 (i.p.) on several types of ulcers and erosion formation: CL-1700 given i.p. significantly inhibited the Shay ulcers and water-immersion stress-induced erosions in rats with an intact pylorus (Table  7) . In particular, CL-1700 at 300 mg/kg potently inhibited the stress-induced erosions; the inhibition being 93.5%. However, CL 1700 at 100 and 300 mg/kg had no effect on the formation of aspirin and indomethacin -induced erosions . Effects of drugs on gastric secretion:
When CL-1700 was given to pylorus-ligated rats, the drug at 300 and 1,000 mg/kg (p.o.) significantly increased the volume of gastric juice and pH value 7 hr later (Table 8 ). In addition, the pepsin output significantly increased at 100 and 300 mg/kg of CL-1700. Aluminum sucrose sulfate at 300 and 1,000 mg/kg (p.o.) also significantly increased the volume and pH value. The drug slightly increased the pepsin output. When CL-1700 was given i.d., it tended to decrease the volume and pepsin output but significantly decreased the acid output (44.7%). Aluminum sucrose sulfate at 300 and 1,000 mg/kg (i.d.) also showed a tendency of reduction of volume, acid output and pepsin output. Gefarnate at 100 and 300 mg/kg (i.d.) had no effect on gastric secretion.
Cimetidine at 100 mg/kg (i.d.) significantly decreased the acid output but had no effect on either the volume or pepsin output.
DISCUSSION

CL-1700
proved to have a potent in hibitory effect on the formation of various types of acute gastric ulcers or erosions induced in rats. The anti-lesion effects of CL-1700 were slightly weaker than those of aluminum sucrose sulfate but almost equal to or better than those of cimetidine.
However, the effects of CL-1700 were far more potent than those of gefarnate.
The mechanism by which CL-1700 exerts the anti-lesion effects was not determined in the present studies.
The stimulatory activity of L-carnosine on granulation formation and/ or protective activity of aluminum salts on the gastric mucosal surface may play some role in the mechanism of action of CL-1700. CL-1700 at 1,000 mg/kg inhibited gastric secretion (44.7% in acid output) in pylorus ligated rats when the drug was given i.d. Thus, the anti-secretory effect of CL-1700 may contribute to its anti-lesion activity, at least in cases of indomethacin or phenyl butazone-induced erosions in rats with an intact pylorus. CL-1700 in doses of 300 mg/ kg or over markedly increased the volume and pepsin output when given p.o. to pylorus ligated rats.
Whether or not L-carnosine itself induces such a change in gastric secretion warrants further study. The same phenomenon was also observed with the administration of aluminum sucrose sulfate (p.o.), at the same dose level as CL-1700.
Since these two agents showed a potent anti-lesion activity, the increase in volume and/or pepsin output apparently do not hinder their effectiveness. The pH values of gastric juice were elevated from 1.6 to 2.8 by CL-1700 or from 1.4 to 3.4 by aluminum sucrose sulfate so that the anti-lesion activity of these agents may to some extent be due to the decrease of acidity, at least in cases of Shay ulcers, water-immersion stress or aspirin-induced gastric erosions in pylorus ligated rats. In in vitro studies, we found that aluminum hydroxide at the dose contained in CL-1700 (23.8% of the whole molecule of CL-1700) induced little change in the pH of the gastric juice obtained from the pylorus-ligated rats (unpublished data). Thus, it is unlikely that aluminum hydroxide contributes to the elevation of the gastric pH due to CL-1700.
In preliminary investigations, we found that the anti-lesion effect of CL-1700, at least on indomethacin-induced erosions, is apparently far stronger than that of L carnosine, N-acetyl-L-carnosine or aluminum hydroxide alone.
While CL-1700 had a weak effect on water-immersion stress-induced erosions in rats with an intact pylorus, this drug given i.p. potently inhibited these erosions. Shay ulcers were also considerably inhibited by CL-1700 given i.p. In contrast, CL-1700 (i.p.) had no influence on aspirin and indomethacin-induced gastric erosions. These findings suggest that CL-1700 exerts its anti-lesion activity either by a direct action on the gastric mucosa, by an indirect action after absorption, or both.
Gefarnate, used as one of reference drugs, showed a significant inhibition of aspirin induced gastric erosions, but had a weak effect on other gastric lesions. Concerning the effects of cimetidine, we confirmed our previous findings (17, 18) that this drug potently inhibited the formation of water immersion stress-, aspirin or indomethacin induced gastric erosions but had no effect on Shay ulcers.
We found in the present study that the agent had no effect on phenyl butazone-induced erosions. Cimetidine (i.d.) significantly inhibited the gastric secretion at 100 mg/kg so that the anti-lesion effect of the agent may be due to its anti-secretory effect. Cimetidine at 30 mg/kg had no effect on gastric secretion but did markedly inhibit the stress-induced erosions and aspirin induced erosions in pylorus-ligated rats. Thus, cimetidine may inhibit these gastric lesions through mechanisms other than anti secretory effects.
Guth et al. (19) reported that cimetidine, like prostaglandins, has a cytoprotective activity against gastric mucosal injury induced by topical aspirin plus HCI in rats.
Taken together these findings strongly
suggest that CL-1700 shows promise for the treatment of gastric lesions.
